Sexual morph of didymellaceous taxa are characterized by their ascomata with relatively thin peridium, cylindric-clavate to clavate, short-pedicellate or apedicellate asci, hyaline to brown, 1-septate to muriform ascospores. Its asexual morphs are coelomycetous and comprising pycnidial or acervulus conidiomata, phialidic, hyaline conidiogenous cells and hyaline or pale brown, septate or aseptate conidia. The majority of these cosmopolitan species are plant associated fungi which can be pathogens on a wide range of hosts and some species are of particular relevance for quarantine measures. Recent studies have significantly improved the taxonomy and systematics of didymellaceous taxa based on molecular phylogenetics. In contrast to the accurate and detailed studies on the asexual morphs which are common obligate pathogens, information on their usually saprobic sexual morphs is still limited. Among these phenotypically diverse species, spore characteristics are quite unique as most have hyaline spores with 0-1 septum, while only Neomicrosphaeropsis and Didymellocamarosporium are reported as producing pigmented, muriform spores. These dematiaceous muriform spores are characteristic of a considerable number of species that may be quite divergent in other characters. During taxonomic investigations on the diversity of didymellaceous taxa, we have isolated species from Alhagi pseudalhagi, Coronilla emerus, Cytisus sp., Elaeagnus angustifolia and Spartium junceum in Italy, Russia and Uzbekistan. A comprehensive phylogeny, based on four loci (ITS, LSU, rpb2 and tub2) is used to infer species relationships. Comprehensive morphological descriptions and in-depth phylogenetic investigations of five new species viz. Ascochyta coronillae-emeri, Microsphaeropsis spartii-juncei, Neomicrosphaeropsis alhagi-pseudalhagi, N. cytisicola and N. elaeagni are presented. 
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The ML analyses were conducted with RAxML-HPC BlackBox (v. 8.2.8) (Stamatakis et al. 2008 , Stamatakis 2014 in the CIPRES Science Gateway platform (Miller et al. 2010 ) using a GTR+I+G substitution model with 1 000 bootstrap replicates. The robustness of the analyses was evaluated by bootstrap support (MLBS).
Phylograms were visualized with FigTree v1.4.0 program (Rambaut 2012) and reorganized in Microsoft power point (2007) and Adobe Illustrator® CS5 (Version 15.0.0, Adobe®, San Jose, CA).
One hundred and twenty-six taxa are used (including our newly generated sequences) as ingroup taxa, Leptosphaeria conoidea (CBS 616.75) and L. doliolum (CBS 505.75) were selected as outgroup taxa. Sequences generated in this study were deposited in GenBank (Table 1) , the final matrices and trees in TreeBASE (accession number: 22328), (Study Accession URL: http://purl.org/phylo/treebase/phylows/study/TB2:S22328) and novel taxonomic descriptions and nomenclature in Faces of Fungi and Index Fungorum as outlined in Jayasiri et al. (2015) , Index Fungorum (2018) . New species were established based on recommendations outlined by Jeewon & Hyde (2016) . 
Results and Discussion

Phylogenetic analyses
Topologies of trees (under ML, MP and BI criteria) recovered for each gene dataset were visually compared and the overall tree topology was congruent to those obtained from the combined dataset.
The RAxML analysis of the combined dataset yielded a best scoring tree ( Fig. 1 ) with a final ML optimization likelihood value of -23881.01104. The matrix had 734 distinct alignment patterns, with 8.95 % proportion of gaps and completely undetermined characters in this alignment. Parameters for the GTR + I + G model of the combined LSU, ITS, rpb2 and tub2 were as follows: Estimated base frequencies were as follows: A = 0.238058, C = 0.241410, G = 0.27525, T = 0.245283; substitution rates AC = 1.943648, AG = 6.96474, AT = 2.220889, CG = 0.925886, CT = 14.019529, GT = 1.000; proportion of invariable sites I = 0.63074; gamma distribution shape parameter α = 0.584276. The maximum parsimonious dataset for the combined gene sequences consisted of 2231 characters, of which 1560 were constant, 615 (27.6 %) parsimony-informative and 56 parsimony-uninformative. The parsimony analysis of the data matrix resulted in the maximum of 2325 equally most parsimonious trees with a length of 4662 steps (CI = 0.238, RI = 0.636, RC = 0.151, HI = 0.762) in the first tree. The Bayesian analysis resulted in 25001 trees after 5 M generations with 0.009735 as the average standard deviation of split frequency. Therefore, the first 2500 trees, representing the burn-in phase of the analyses, were discarded, while the remaining 22501 trees were used or calculating posterior probabilities in the majority rule consensus tree.
Newly generated sequences from two Microsphaeropsis isolates (MFLU 16-0100 and MFLU 16-0097) grouped with isolates currently circumscribed as Microsphaeropsis olivacea and M. proteae (de Gruyter et al. 2009 , Aveskamp et al. 2010 , Crous et al. 2011 , Verkley et al. 2014 , Chen et al. 2015 . These taxa formed an isolated clade (Clade A , Fig 1) within Didymellaceae, but poorly supported in multi-gene analyses (69% in ML, <60 % in MP and <0.95 in BI). Within Clade A (Fig  1) , our novel isolates are closely related and monophyletic with Microsphaeropsis olivacea (CBS 442.83, CBS 432.71, CBS 233.77 ) and retrieved 67% (ML), 86% (MP), 1.00 (BI) bootstrap support for this lineage (Subclade A1).
Ascochyta coronillae-emeri (MFLUCC 13-0820), showed a close phylogenetic affinity to A. rabiei (CBS 206.30, CBS 237.37, CBS 534.65), A. phacae (CBS 184.55) and A. herbicola (CBS 629.97) in the combined phylogeny (Subclade B1) and this relationship retrieved 96% ML, 92% MP and 1.00 BI support.
Three newly generated sequences, Neomicrosphaeropsis alhagi-pseudalhagi (MFLUCC 17-0825), N. cytisicola and N. elaeagni (MFLUCC 17-0740), grouped with Didymellocamarosporium tamaricis and eleven Neomicrosphaeropsis isolates. These taxa form a monophyletic clade (Clade C) in Didymellaceae with poor statistical support (65% in ML, <60 % in MP and <0.95 in BI). Didymellocamarosporium tamaricis, Neomicrosphaeropsis elaeagni sp. nov., N. italica, N. novorossica, N. rossica and N. tamaricicola forms a subclade (Subclade C1) in the combined phylogeny with 86% ML 77% MP and 1.00 BI support. Neomicrosphaeropsis cytisi, N. cytisicola sp. nov., N. cytisinus and N. minima forms a separate cluster (Subclade C3) within Clade C with high statistical support (91% ML, 84% MP and 1.00 BI). Neomicrosphaeropsis alhagi-pseudalhagi sp. nov. nested in between subclades C1 and C3. 
Taxonomy
Based on the results of the combined multi-gene phylogenies (Fig. 1 ), morphological observations, five novel species are described. Ascospores 36-35 × 13-15 µm (x ̅ = 32.7 × 13.8 µm, n = 30), overlapping biseriate, mostly ellipsoidal, muriform, 4−6-transversely septate, with 1 vertical septum, slightly constricted at the septa, initially hyaline to pale yellow, becoming brown to dark brown at maturity, upper part wider than the lower part, rounded at both end, surrounded by a thick mucilaginous sheath (20-30 µm wide). Asexual morph: coelomycetous. Conidiomata superficial or immersed in the agar, pale brown to dark brown, 0.5-1 mm diam, simple, or complex with several merging cavities. Conidiomatal wall composed of textura angularis cells. Conidiogenous cells discrete, assembled into protruding masses of cells, or integrated in very compact conidiophores. Conidia 6-7 × 1.9-2.4 µm (x ̅ = 6.3 × 2.1 µm, n = 30), ellipsoidal or short-cylindrical, hyaline, straight or slightly curved, rounded at both ends, 1-celled, with 1-2 small, guttules.
Ascochyta coronillae-emeri
Known distribution -On Coronilla emerus, Italy. Notes -Muriform ascospores are reported here for the first time in this genus. The new fungus was collected from Coronilla emerus in Italy and it morphologically resembles most of the Pleosporaceae taxa (e.g. Alternaria, Comoclathris, Pleospora) by its clavate, pedicellate asci with thick-walled at the apex and mostly ellipsoidal, muriform, brown ascospores. However, phylogenetically it has a close affinity to Ascochyta herbicola, A. phacae and A. rabiei in Didymellaceae (subclade B1, Fig. 1 ). Among them, the sexual morph is known only for Ascochyta phacae, which differs from our new isolate in having cylindrical to subclavate asci and hyaline, uniseptate ascospores. Though the ascospore characters are different of our new isolate from all other Ascochyta species, its thin peridium and asexual morph characteristics (ellipsoidal or shortcylindrical, hyaline conidia) are in agreement with its phylogenetic placement within Ascochyta. Etymology -Name reflects the host species Spartium junceum, from which the species was isolated.
Microsphaeropsis spartii-juncei
Holotype -MFLU 16-0100. Saprobic on Spartium junceum L. Sexual morph: Ascomata 180-250 µm high, 180-220 µm diam. (x ̅ = 219.7 × 206.9 µm, n = 5), immersed to semi-erumpent, globose or subglobose, dark brown to black, coriaceous. Peridium 10-15 µm wide at the base, 15-30 µm wide at the sides, comprising reddish to dark brown cells of textura angularis. Hamathecium comprising numerous, 2-3 µm wide, filamentous, branched, septate, pseudoparaphyses. Asci 120-140 × 28-35 µm (x ̅ = 133.4 × 31.3 µm, n = 20), 8-spored, bitunicate, fissitunicate, clavate, pedicellate, thick-walled at the apex, with minute ocular chamber. Ascospores 32-36 × 13-15 µm (x ̅ = 34.7 × 13.7 µm, n = 30), overlapping biseriate, mostly ellipsoidal, muriform, 6−7-transversely septate, with 1−2 vertical septa, slightly constricted at the septa, initially hyaline to pale yellow, becoming brown to dark brown at maturity, rounded at both end, surrounded by a thick mucilaginous sheath (15-20 µm wide). Asexual morph: coelomycetous. Conidiomata superficial or immersed in the agar, pale brown to dark brown, 0.5-1 mm diam, simple, or complex with several merging cavities. Conidiomatal wall composed of textura angularis cells. Conidiogenous cells discrete, assembled into protruding masses of cells, or integrated in very compact conidiophores. Conidia 4.5-5.5 × 2.5-3.5 µm (x ̅ = 4.8 × 3.2 µm, n = 30), ellipsoidal or globose, straight or slightly curved, rounded at both ends, 1-celled, with 1-2 small, guttules, and with thin and smooth walls that are hyaline at secession, becoming light brown and rough-walled.
Known distribution -On Spartium junceum, Italy. Notes -Microsphaeropsis is one of the oldest genera in Didymellaceae which was introduced by von Höhnel (1917) . The exact familial placement of this genus was uncertain and it has been considered as an asexual morph of Phaeosphaeriaceae (Barr 1987) and Didymosphaeriaceae (Zhang et al. 2012 , Thambugala et al. 2017 ). However, with further morpho-phylo debates, Microsphaeropsis has been referred as a member of Didymellaceae (De Gruyter et al. 2013 , Hyde et al. 2013 . In a recent study, Chen et al. (2015) reported Microsphaeropsis as a distinct lineage basal to Didymellaceae and the family Microsphaeropsidaceae was introduced. Taxa in Microsphaeropsis produce 'pale greenish brown, finely roughened conidia' (Chen et al. 2015) , which differ from most other taxa in Didymellaceae which have mainly hyaline, smooth conidia (phoma-like). Nevertheless, many species of Microsphaeropsis are still unknown from culture or DNA sequence data and Chen et al. (2015) , while introducing Microsphaeropsidaceae, recommended that further studies are needed to clarify its precise taxonomic identity and species boundaries.
During our investigation on the diversity of microfungi in Italy, two isolates (MFLU 16-0100, MFLU 16-0097) were recovered from Spartium junceum in Arezzo and Forli-Cesena Provinces. These new isolates share similarities to other Pleosporaceae taxa in their asci and ascospore characteristics, but they share a close phylogenetic affinity to Microsphaeropsis species in our sequence data analyses (Clade A, Fig. 1 ). However, in this study, Microsphaeropsis species could 166 not be segregated from Didymellaceae, in contrast to the results of Chen et al. (2015) . Larger datasets of each gene region (ITS, rpb2, tub2 ) basically yielded the same major clades as those derived from the concatenated dataset (Fig. 1) . Among them, LSU did not provide a better resolution at the generic level and the taxa of Calophoma, Didysimulans, Macroventuria, Microsphaeropsis, Neomicrosphaeropsis, Paraboeremia, Phomatodes and Pseudoascochyta grouped together in an unsupported clade. Although we analysed larger datasets incorporating other family members, we could not find support for segregating Microsphaeropsis from Didymellaceae neither from individual ITS, rpb2 and tub2 data, nor from concatenated multi-gene analyses. Among the various genes analysed, we noted that rpb2 and tub2 DNA sequence data yielded rather well-resolved topologies to support intergeneric relationships within Didymellaceae and especially in connection with Microsphaeropsis (data not shown).
Even though the asci and ascospore characters of our new isolates are different from all other Microsphaeropsis species, its asexual morph characteristics are in agreement with the phylogenetic placement, as it has conidia similar to Microsphaeropsis. In concatenated data analyses, our new strains resemble Microsphaeropsis olivacea strains (CBS 233.77, CBS 432.71, CBS 442.83) . These strains are however unrelated to any type material and therefore we introduce our new isolates as Microsphaeropsis spartii-juncei sp. nov. Unfortunately, we could not manage to maintain a living culture as subsequent attempts to subculture failed, and hence a living culture is unavailable.
We admit that our phylogeny generated herein does not exactly translate into an appropriate scenario to really demarcate our species but we still recognize it as a different single species occupying a totally different ecological niche. As stated in our paper, there are some degrees of morphological differences in the ascospore characters (despite similarities in conidial characters), which support our new species. However, neither Microsphaeropsis olivacea nor M. proteae have sexual characteristics to compare with M. spartii-juncei. Under circumstances where compelling evidence are not available, we follow Jeewon & Hyde et al. (2016) herein to justify our new species. We note 100% and 99% similarity for LSU and ITS in Microsphaeropsis species. There was a 17/334 (5.1 %) difference in the TUB region. There are no RPB2 sequences for Microsphaeropsis olivacea and M. proteae. We suspect herein that the genes analysed and the taxon sampling used generating phylogenies could have had an impact and fail to resolve that clade. It is beyond the scope of the study to resolve these. It might also not be a surprise if future discoveries of more species within Microsphaeropsis split the clade and there is a need to segregate one species into several. We have recently witnessed such a phenomenon with Dematiopleospora (Huang et al. 2017 ). Unless we do some extensive taxonomic reassessment, we would not be tempted to synonymise any extant taxa here. Notes -Neomicrosphaeropsis alhagi-pseudalhagi, collected from Alhagi pseudalhagi in Uzbekistan, is in an independent lineage with good support and phylogenetically distinct from other extant species of Neomicrosphaeropsis (subclade C1, Fig. 1 ). This new species differs from other taxa in Neomicrosphaeropsis in having acervulus type conidiomata and conidia with 1−3 vertical septa and a deep constriction at the middle septum, whereas other species have pycnidial conidiomata, conidia with 1−2 vertical septa and slight constrictions at their septa.
Neomicrosphaeropsis alhagi-pseudalhagi
Neomicrosphaeropsis cytisicola Wanas., Camporesi, E.B.G. Jones & K.D. Hyde, sp. nov. Conidiophores occasionally present, hyaline, doliiform to ampulliform, arising from inner layers of the pycnidial wall. Conidiogenous cells enteroblastic, phialidic, doliiform or cylindrical to ampulliform, with a periclinal wall thickening at the tip, hyaline, smooth. Conidia 4-7 × 2.5-3.5 µm (x ̅ = 5.1 × 3.1 µm, n = 30), ellipsoidal, straight or slightly curved, rounded at both ends, 1-celled, with 1-2 small guttules, and with thin and smooth walls that are hyaline at secession, becoming light brown.
Known distribution -On Cytisus sp., Italy. Notes -Neomicrosphaeropsis cytisicola also a novel taxon in this study, which has muriform ascospores, but resembles Laburnicola species in Didymosphaeriaceae more closely than Pleosporaceae taxa in its ascospore characteristics. This novel taxon has closer phylogenetic affinities to Neomicrosphaeropsis cytisi, N. cytisinus and N. minima (subclade C3, Fig. 1 ). All these mentioned species were isolated from Cytisus and Verbascum species in Italy. Our new species is the first record of sexual morph of taxa in Subclade C3 (Fig. 1) and it differs from the other remaining sexual morph (Neomicrosphaeropsis tamaricicola) in having comparatively larger ascospores (32-38 × 13-18 µm) with more septa (6−7 transverse septa, with 2−3 vertical septa), while N. tamaricicola has smaller ascospores (15-20 × 7-10 µm) with less septa (4-6 transverse septa, with 1 vertical septum). All taxa in Neomicrosphaeropsis produce aseptate brown conidia similar to taxa in Microsphaeropsis including the sexual morph we observed from N. cytisicola sp. nov.
While our two new taxa, Neomicrosphaeropsis alhagi-pseudalhagi and N. cytisicola are wellsupported and resolved, we noted within clade C, where Neomicrosphaeropsis is interspersed, interspecies relationships are obscure. Even our multigene phylogeny fails to properly delineate species in this clade and all species cluster together despite bearing morphological differences. There is a need to redefine species delimitation among these species, possibly using a different approach. In addition, it is also noteworthy to point out taxa in subclade C1 and C3 can also be considered as different genera, but until more samples are collected, analysed and typification reevaluated, we refrain from revising the current taxonomic concept. confluent, gregarious, sometimes scattered beneath the host periderm or on decorticated wood, fully or partly erumpent, globose, ostiolate. Ostiole central, 100−130 μm long, 50−80 μm diam (x ̅ = 117.1 × 62.7 µm, n = 10), central, long, smooth, sometimes ostiolar canal filled with hyaline or pale brown cells. Pycnidial wall multi-layered, 20-30 µm wide at the base, 30-40 µm wide in sides, thick, comprising two layers, outer layer heavily pigmented, thick-walled, comprising blackish to dark reddish-brown cells of textura angularis, cells towards the inside lighter, inner layer composed of hyaline, thin-walled cells of textura angularis. Conidiophores reduced to conidiogenous cells. Conidiogenous cells enteroblastic, annellidic, doliiform, integrated, solitary, hyaline, smoothwalled, and formed from the inner layer of pycnidium wall. Conidia 16−20 × 7−9 μm (x ̅ = 17.5 × 7.7 μm; n = 50), oblong, straight, rounded at both ends, sometimes narrowly rounded ends, 3-5-transversely septate, one longitudinal septum, smooth-walled, initially hyaline, becoming brown to dark brown at maturity.
Neomicrosphaeropsis elaeagni
Known distribution -On Elaeagnus angustifolia, European Russia (Krasnodar region). Material examined -RUSSIA, Krasnodar region, Novorossiysk, trees near Sudzhuk lagoon (N 44.68114°, E 37.79712°), on twigs of Elaeagnus angustifolia L. (Elaeagnaceae), 14 June 2016, Timur S. Bulgakov NK-081 (MFLU 16-2389, holotype).
Notes -Neomicrosphaeropsis elaeagni is a novel species which was recovered from Elaeagnus angustifolia in Russia. It was identified as a camarosporium-like taxon by its morphology and further sequence analyses indicate a strong affinity to taxa related to Neomicrosphaeropsis (subclade C1, Fig. 1 ). Didymellocamarosporium tamaricis also clusters in this clade as another camarosporium-like species. Wijayawardene et al. (2016) proposed Didymellocamarosporium as a monotypic genus based on rDNA sequence data available from GenBank for the type, D. tamaricis. Both Neomicrosphaeropsis elaeagni and Didymellocamarosporium tamaricis are morphologically similar in their conidiomata, conidiogenous cells and conidial characteristics. However, taxa in this subclade C1 are heterogenous and we could not demarcate Didymellocamarosporium and Neomicrosphaeropsis into two separate genera from our multi-gene phylogenetic analyses. It is therefore necessary to collect more fungi similar to Didymellocamarosporium and Neomicrosphaeropsis in different geographic regions, isolate them into culture, describe their morphology, analyse their DNA sequences and investigate their phylogenetic relationships to better identify and classify them.
